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Abstract of JP91 70967 

PROBLEM TO BE SOLVED: To obtain a method 
in Which a technical expert can grasp real 
situation instantaneously by graphically 
displaying test data which is acquired during an 
enhasust test for a prescribed time by an engine 
analyzer. SOLUTION: An engine analyzer 30 
reads out data through an I/O port 31 over the 
sample extraction time interval of the driving time 
for 240 seconds simulated in one second 
continued in conformity with the required 
condition of an exhaust test, and it executes a 
computing operation related to a background 
test. Then, in order to maintain an automobile 
speed within a change tolerance during the test 
tinrie, a driving trace which is generated on the 
screen of a display 32 and which uses 240 
seconds as a reference supports a technical 
expert. In addition, an actual automobile speed 
trace which is based on the time is overlapped 
siniultaneously with a recommended driving trace 
during a scrolling operation so as to help the 
technical expert when the automobile speed is 
r^^intained within the permissible automobile 
speed range of a time change. 
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H MBTOQD FOR GRAPHICALLY DlgPIAYIMG VEHI CLE TEST DATA 
Backciround of the Invention 

1. yield of the Invention 

The present invention relates to a method for 
5 displaying vehicle test data to aid an engine analyzer 
operator to quickly interpret vehicle emissions data. 

2. Deaeription of the Prior Art 

Many countries require the certification of motor 
vehicles, especially with respect to engine emissions. 

10 Typically, such a test involves connecting a vehicle to a 
dynamometer while an automotive technician accelerates and 
decelerates the non-moving vehicle over a 240-second 
interval to simulate normal driving conditions « As time 
progresses and as engine speed is- varied, the engine 

15 analyzer monitors and collects data on the emission output 
levels of the vehicle. The collected emission data may 
include the amount of HC, CO, COg, NO, Oz, or other emission 
constituents, as well as information on speed of the 
vehicle, during predefined data-rfecording intervals of the 

20 test. The data is interpreted and test results presented to 
the operator in the form of text-only, svunmary data reports 
and/or tables. 

An automotive technician relies on those results 
to determine whether the vehicle emission levels meet EPA 

25 standards. In the event the vehicle fails the emissions 

test, the results of the test are useful in diagnosing the 
vehicle emission system components to isolate and correct 
the problem. Since emission tests are generally conducted 
over a 240-second time interval and usually over varying 

30 driving conditions, determining which speed emission output 
levels are outside allowable limits is difficult, if not 
impossible, with text -only reports. 

The technician uses the test results to fault 
isolate the faulty component, or components, which are 

35 causing the vehicle's emission output levels to exceed 
allowable limits. Once a component is replaced, the 



(8) !|#BI¥9-170967 



2 

emissions test is typically repeated. In the event the 
vehicle continues to fail the test, the technician might 
want to compare the results of the previous test or tests to 
the most recently performed test as a way to better fault 
5 isolate the problem. Presently, the technician must 
manually flip through computer-generated printouts of 
previous-test data to do this. 

summarv of the invention 
It is a general object of the invention to provide 

10 a method and apparatus for graphically displaying test data 
collected during a 240-second interval emissions test. 

It is another object of the present invention to 
provide a method and apparatus for simultaneously, 
graphically displaying test data collected during multiple 

15 such emission tests. 

It is yet another object of the present invention 
to graphically display measured gas emission levels, such as 
gas concentration levels, of certain selected ingredients of 
an exhaust gas during the 240-second interval, which 

20 concentration levels are variable with the speed of the 

vehicle under test. The graphic display may further include 
a waveform showing the maximum allowable gas concentration 
levels of a selected ingredient gas. 

Additionally, where a number of tests have been 

25 taken, the first, previous and last concentration level 

waveforms may be simultaneously displayed (using different 
line bashings or colors) for communicating comparison 
information to the technician. This is useful in the 
situation where the technician is attempting to correct or 

30 diagnose an emission system problem. 

Finally, the technician may selectively display, 
in graphical form, a speed-correlation waveform (actual or 
ideal) . This waveform, when superimposed with one or more 
of the gas concentration waveforms, provides an immediate 

35 indication to the technician of the relative speed of the 
vehicle at any point in time, and particularly when the gas 
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concentration levels fall to meet specs. In the preferred 
embodiment, speed and concentration levels are displayed on 
appropriate y-axes located on opposite sides of the graph. 
Additionally, all waveforms are auto-scaled to facilitate 
5 ease of reading. 

The invention consists of certain novel features 
and a combination of parts hereinafter fully described, 
illustrated in the accompanying drawings, and particularly 
pointed out in the appended claims, it being understood that 

10 various changes in the details may be made without departing 
from the spirit, or sacrificing any of the advantages of the 
present invention. 

Brief Deacriptlon of the Drawings 
For the purpose of facilitating an understanding 

15 of the invention, there is illustrated in the accompanying 
drawings a preferred embodiment thereof, from an inspection 
of which/ when considered in connection with the following 
description, the invention, its construction and operation, 
and many of its advantages should be readily understood and 

20 appreciated. 

FIG. 1 is a diagrammatic illustration of a vehicle 
emission test system, including an engine analyzer coupled 
to a dynamometer for collecting vehicle speed readings and 
emission output levels during a 240-second emissions test; 

25 FIG* 2 is a full-screen graph of result data from 

a previously tested vehicle; and 

FIGS. 3A and 3B show an operational flow chart of 
the method of generating the graph of FIG. 2. 

Detailed Deacription of the Preferred Embodinentg 

30 Referring to FIG. 1, there is illustrated a 

vehicle emissions test system for use on a motor vehicle 10, 
coupled in a known manner to a chassis dynamometer 15 which 
is operable to simulate various driving conditions of the 
engine of the motor vehicle 10, as if it were being driven 

35 on an actual road. The engine of the vehicle 10 is 

controlled by a driver seated in the vehicle who will 



(10) 



JNpia¥9-l 70967 



4 

variably accelerate, decelerate and maintain cruising 
speeds, in an appointed sequence over a predefined and 
continuous driving period (usually a 240-second test 
period) . During this driving period, the dynamometer 15 
5 permits the vehicle wheels to he rotated in engagement with 
a surface while the vehicle is standing still, permitting 
the test to be conducted in a technician's ehop« 

The dynamometer 15 relates information of the 
vehicle's actual wheel (driving) speed to an engine analyzer 

10 30 via communication link 16. The engine analyzer 30 is 

equipped with an I/O port 31 , an appropriate monitor display 
32 and may also include additional peripheral resources (not 
shown) , such as printers and external memory, coupled 
thereto. Operator input commands and test parameters, such 

15 as will be explained below, are fed to the analyzer 30 via a 
keyboard 33 and stored in appropriate memory registers. 

Reference numeral 17 designates an exhaust-gas- 
inlet passage for receiving gas exhausted from the vehicle 
10 under test. During a typical emissions test, gas samples 

20 are led from the exhaust gas-inlet passage 17 through a 

sampling passage 18 for measurement of the concentration of 
each of various ingredient gases (e.g., HC, CO, CO2, NO, and 
02). For this purpose, a dehydrator 19 is provided for 
dehydrating the exhaust gas at a specified temperature, the 

25 output thereof being fed to a concentration analyzer 20 
which analyzes the exhaust gas to determine the 
concentration of each of one or more specified ingredient 
gases (the ingredient or ingredients to be measured) . The 
measured ingredient gas concentration levels are then 

30 communicated to the engine analyzer 30 from the 

concentration analyzer 20, via the I/O port 31, and stored 
in assigned memory locations, all in a known manner. 

The engine analyzer 30 takes data readings and 
performs necessary background test-related calculations over 

35 a 240-second simulated driving period at successive one- 
second, sampling time intervals, in accordance with current 
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EPA emissions testing requirements. EPA rules presently 
require that all measurements be taken over a varying range 
of driving modes, such as acceleration, cruise and 
deceleration modes. In order to maintain the vehicle speed 
5 within a varying allowable range during the test period, the 
technician is aided by a 240-second time*^based drive-trace 
generated on the screen of display 32 in a known manner. 
A time-based trace of the vehicle's actual speed is 
simultaneously superimposed over the recommended scrolling 

10 drive trace to aid the technician in maintaining the vehicle 
speed within time-varying allowable vehicle speeds. 

The engine analyzer 30 is essentially a 
microprocessor-based embedded controller system adapted to 
carry out multiple system functions, including controlling 

15 the operation of the dynamometer 15 in a conventional manner 
by way of the communication link 16 thereto, and storing 
detected vehicle speed information and gas concentration 
levels for each of the predetermined successive intervals 
during the period the vehicle 10 is under test. The 

20 analyzer 30. also generates the drive-trace display which 
aids the technician in appropriately varying the vehicle *s 
speed, and stores the actual speed drive trace over the 240- 
second interval test in memory - 

When multiple emission tests are performed on the 

25 same vehicle, the analyzer 30 records the results of each 
test. The results are then graphically presented to a 
technician in the manner to be described below. 

Referring to FIG. 2, there is shown a full-screen 
graph 50 of result data recorded by the analyzer 30 during 

3 0 each of multiple emission tests. The technician selects the 
waveform (s) he or she wants displayed on the monitor screen 
32 by pressing the corresponding soft keys 51-58 underneath 
the graphical portion of the screen 32. Soft keys 51-55 
respectively select an associated one of an KC, CO, CO2/ NO, 

35 or O2 ingredient-gas waveform during a "first*' emission test 
(soft key 57} , a ''previous'* emission test (soft key 58) 



(12) i|tgH¥9- 17096 7 



and/or a "last»» emission test (soft key 59). When soft key 
56 is pressed, the analyzer 30 additionally displays am 
ideal drive-trace line indicative of the recomnended, 
varying speed of the vehicle at appointed time intervals 
5 during the 240-second emission test period. 

Turning now to FIG. 2, there is shown two 
superimposed time-based waveforms 61, 62, the data for which 
is derived from liC-based concentration-levels respectively 
measured during each of a '^previous'* emission test and a 

10 "last" emission test- 

A drive-^trace line 63 is also shown superimposed 
over the waveforms 61, 62. The horizontal x-axis (71) of 
the graph 50 is labeled to show a time-varying dependence 
with the displayed waveforms 61, 62, 63, with the units of 

15 measurement being in seconds (t=0 to t=240) • Similarly, two 
vertical axes 72, 73, are provided respectively drawn on the 
left side emd on the right side of graph 50. Axis 72 shows 
a speed-based dependence associated with the drive-trace 
line 63 — the units of measurement being in mph. Axis 73 

20 shows a gas output level dependency with respect to HC 
waveforms 61, 62. 

The displayed vertical axes and corresponding 
waveforms are automatically scaled by the analyzer 30 prior 
to display to maximize the sizing of the respective 

25 waveforms, thus making them easy to read. Towards this end, 
the respective waveform line also may be distinctly colored 
for better visual clarity. Optionally, it would also be 
possible to resize and/or relocate the graph 50 in a 
different portion of the screen 32 to allow for textual or 

30 other graphic information to be simultaneously displayed. 

It, should also be appreciated that with minimal 
code changes to the soft key template, additional features 
could be introduced for display on the graph 50. For 
example, the technician may wish to display a maximum 

35 allowable gas-concentration-level-indicating waveform, 

superimposed over the measured waveform (s), for a selected 
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ingredient gas. Waveform graphically conununicates to the 
technician whether allowable gas emission levels were 
exceeded, and if so, (a) whether exceeded during the 
"first", "previous", or ••last" test; (b) at which portion of 
5 the 240-second test; and (c) at what speed (in MPH} or at 
what driving conditions (cruise, acceleration, or 
deceleration node} . 

Alternatively, the technician may also wish to 
display a waveform of the actual rather than ideal vehicle 

10 speed drive-trace. 

Optionally, the technician could further elect to 
have displayed only a portion of the graph 50, zoomed to a 
specified time interval window (e.g., from t=0 to t=60) . 

The operational flow chart of the method of 

15 graphically displaying emission data, as in FIG. 2, will now 
be generally described with reference to FIGS. 3A and 3B. 

The generation of graph 50 is initiated by a 
technician immediately following the completion of one or 
more emission tests conducted in the manner explained above, 

20 using emission data retrieved from appropriate locations in 
the engine analysis 30 memory (block 100) The graph 
generation routine 1 of FIGS. 3A, 3B initially determines, 
as at 110, whether previous tests have been performed for 
the vehicle under test, the results of which would have been 

25 stored by the analyzer 30. If so, a window is generated on 
the screen 32 (120) including soft keys 51-59, shown in FIG. 
2. Any existing graphical images are then erased (130) and 
the technician is prompted as to whether the units of 
measurement are to be displayed in English (140, 150) or in 

30 metric form (160,170). The appropriate labels along the 
vertical y-axes are then selected and drawn together with 
the X-axes label (180) • The status of MPH soft key 56 is 
then quizzed, at 190, and, if pressed, the drive-trace is 
plotted (200) . 

35 The status of the "first" test soft key 57 is then 

quizzed, (test #=0) at 210-220, and, if pressed, the 
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ingredient gas soft keys 51-55 are quizzed, at 230 ^ to 
determine the gas or gases for which waveforms are to be 
generated. The associated gas value arrays for the selected 
ingredient gas(es) are then retrieved 240 and calculations 
5 (250,260) performed to generate the corresponding gas plot 
values. Appropriate line hashings and/or colors (270) eore 
then automatically selected for each respective waveform to 
be generated. Finally, the corresponding labels and title 
of all the vertical axes (290) are added to the graph 50 and 

10 the waveforms plotted (290) to complete the graphing of 

those waveforms associated with the "first" test (test#0) . 

In a similar manner, the gas waveforms associated 
with the "previous" test (test#-l) , and the "last" test 
(test#s»3} are generated and superimposed over any previously 

15 generated waveforms. After all the waveforms are plotted 
(310), appropriate graph text and/or legends (320) are 
created, completing the graph 50 (330) . 

It should be understood that the circuitry for 
displaying the graphical interface of screen 3 2 is well 

20 known in the art of video image processing and forms no part 
of the present invention. The screen 32 may be any 
conventional cathode-ray-tube (CRT) display device or any 
equivalent thereof having a sufficiently high pixel 
resolution to provide crisp, easy-to-read graphical images. 

25 Furthermore, in the preferred embodiment, the code 

for performing the various display and graphing functions is 
written in C-language; but another similar high-level 
language may have been used instead. The zooming, auto- 
scaling, graphing of collected data, and the related 

30 features described above are easily carried out using the 
library of graphical interface software tools commercially 
available with C-language. 

While particular embodiments of the present inven- 
tion have been shown and described, it will be appreciated 

35 by those s)cilled in the art that changes and modifications 
may be made without departing from the invention in its 
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broader aspects. Therefore, the aim in the appended claims 
is to cover all such changes and modifications as fall 
within the true spirit and scope of the invention. The 
matter set forth in the foregoing description and 
accompanying drawings is offered by way of illustration only 
and not as a limitation. The actual scope of the invention 
is intended to be defined in the following claims when 
viewed in their proper perspective based on the prior art. 
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1. A method of graphically displaying, on a display 
screen, emission test data collected and stored by an engine 
analyzer^ the method comprising the engine analyzer 
5 performed steps of: 

displaying on. the screen at least one time-based . 
first waveform representative of gas emission output levels 
of at least one selected ingredient gas, which levels are 
collected by the analyzer during a first emission test; and 

10 displaying on the screen, superimposed over said 

at least one first waveform, at least one second time-based 
waveform representative of gas emission output levels of 
said at least one selected ingredient gas, which levels are 
collected by the analyzer during a second emission test. 

15 2. A method of graphically displaying, on a display 

screen, emission test data collected and stored by an engine 
analyzer, the method comprising the engine analyzer 
performed steps of: 

displaying on the screen at least one time-based 

20 first waveform representative of gas emission output levels 
of at least one selected ingredient gas, which levels are 
collected by the analyzer during a first emission test; and 

displaying on the screen, superimposed over said 
at least one first waveform, a speed-correlation drive-trace 

25 waveform representative of one of an actual and an ideal 
drive trace of the relative speed of the vehicle at 
appointed time intervals during the first emission test. 

3. The method of claim 2, further comprising the step 
of displaying on the screen, superimposed over said at least 

30 one first waveform and said speed-correlation waveform, at 
least one second time-based waveform representative of gas 
emission output levels of said at least one selected 
ingredient gas, which levels are collected by thb analyzer 
during a second emission test. 

35 4. The method of claim 3, further comprising the step 

of displaying independent vertical axes, appropriately 
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labeled, respectively for each different selected ingredient 
gas waveform and for said speeds-correlation waveform. 

5. The method of claim 3, wherein said displayed 
waveforms are auto-scaled for optimal visual clarity. 
5 6. The method of claim 3, wherein said displayed 

waveforms are provided with different line styles for visual 
clarity. 

?• The method of claim 3, further comprising the step 
of superimposing a waveform showing a maximum allowable gas 
10 concentration level of a selected ingredient gas. 
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1 Abstract 

A method and apparatus is provided for graphically 
displaying gas emission levels of certain selected 
ingredients of an exhaust gas collected by an engine 
5 analyzer system during a 240-second emission test. The 

emission levels are variable with the speed of the vehicle 
under test. The graphic display may further include a 
waveform showing the maximum allowable gas concentration 
levels of a selected ingredient gas. Additionally, where a 

10 number of tests have been talcen, the first, previous and 
last concentration level waveforms may be simultaneously 
displayed (using different line hashings or colors) for 
communicating comparison information to the technician. 
Finally, the technician may selectively display, in 

15 graphical form, a speed-correlation waveform (actual or 
ideal) . Speed and gas emission levels are displayed on 
appropriate y-axes located on opposite sides of the graph. 
Additionally, all waveforms are auto-scaled to facilitate 
ease of reading. 

20 
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